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Introduction. 


The glow-discharge between the surface of the solution of an elec- 
trolyte and the metallic cathode, which is suspended above the solution, 
has been investigated by various authors. The earliest literature is that 
of Gubkin.™ He used the solutions of zine sulphate, silver nitrate and 
potassium chloroplatinate and obtained respectively zinc oxide, metallic 
silver as striped dark rings at the surface of the solution under the 
metallic cathode and the metallic platinum in finely divided form. 
Giinther-Schulze® studied on various serts of salt-solutions and obtain- 
ed oxides and hydroxides in the neutral solutions. According to his 
view, the electrons accelerated in the electric field between the cathode 
and the surface of the solution and impinged on the surface do not dis- 
charge directly the cations. of the solute but the hydrogen ions in the 
solution, and the residual (OH) react chemically with the cations to 
form the oxides or the hydroxides. Corbino® who obtained the metallic 
powder using copper sulphate, silver nitrate and potassium chloroplati- 
nate as the electrolytes, informed that the chief difference between the 
process of the ordinary electrolysis and that of the glow-electrolysis lies 
upon the character of the deposition, the latter being apt to give colloidal 
solutions of metals. 

Haber and Klemenc,@ Makowetzky,® and Klemenc and Hohn in- 
vestigated the efficiencies of the oxidation and reduction by the elec- 
trolysis using the anode or cathode in the gaseous space above the solu- 


(1) Gubkin, Pogg. Ann. Phys., 32 (1887), 114. CHFMEBTRY LIBRA® 

(2) A. Giinther-Schulze, Z. Electrochem., 12(1903), 833; 30 (1924), 289; 31 
(1925), 187. 

(3) O. M. Corbino, Atti acad. Lincei, Roma, €. 5.(1927), 377; Chem. Abstr., 
21 (1927), 2437. 

(4) F. Haber u. A. Klemenc, Z. Electrochem., 20 (1914), 458. 

(5) A. Makowetzky, Z. Electrochem., 17(1911), 217. 

(6) <A. Klemene u. H. F. Hohn, Z. Electrochem., 37 (1931), 742; Z. physik. 
Chem.,130 (1927), 378; Z. physik. Chem., A-154 (1931), 385; A-166 (1933), 356. 
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tion and immersing the other electrode in the solution. They found that 
the efficiencies of the current were larger than that calculated by Fara- 
day’s law. Klemenc and Hohn attributed this characteristic behaviour 
of the glow-electrode to the photochemical action induced by the light 
emitted by the hydrogen accompanied by the neutralization of the 
hydrogen ions which were drawn out from the solution into the gaseous 
space by the potential difference due to the space-charge above the solu- 
tion. Recently they informed that it is due to the neutral particles-e.g. 
atomic hydrogen, which are produced by the glow-discharge in the gaseous 
space. 

The present authors carried out the glow-electrolysis with the cathode 
above the solution or the solution covered with a thin film of oil. In the 
latter case, as the thickness of the oil layer was very thin, it is con- 
ceivable as being considerably transparent even against the ultra-violet 
light, while it could act as an energy absorber against the electrons and 
the decomposition products of water vapour, if the characteristic pro- 
perties of the glow-electrode are due to the impacts of them. From the 
results of such a glow-electrolysis it was concluded that it is not the ef- 
fect of photons. Hence, it is necessary to decide whether it was caused 
by the electrons or by the decomposition products of water vapour. In 
order to distinguish the characteristic behaviour of the surface of the 
solution against the electronic impacts in comparison with the metallic 
surface, the authors undertook the differential measurements employing 
a hot cathode as the source of electrons. 


Experimental. 


(1) Glow-Electrolysis. The apparatus employed for the glow-elec- 
trolysis is shown in Fig.1. The discharge-cell (D) is a U-tube to the 
one end of which the cathode, an aluminium or a platinum wire, is held 
by a binding post and to the other the anode is immersed in the solu- 
tion. A copper coulometer (C) is connected in series to the cathode of 
the discharge-cell so that the weight increase of the cathode in the coulo- 
meter should show the total electricity passed through the cell. The 
potential difference (E’) between the cathode terminal of the coulo- 
meter and the anode of the discharge-cell is measured by the vacuum 
tube voltmeter (V) and is regulated by the resistances (R’) and (R”) 
which are connected in series and in parallel to the supply unit respec- 
tively. The potential drop due to the internal resistance of the coulo- 
meter can be neglected as it is so small compared to (E’) that (E’) 
can be considered as the potential difference between the cathode and 
the surface of the solution in the discharge-cell. 
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Table 1. 





Weight of Coulomb. Coulomb- Volt Current | 
product mg. | Cu-eq. mg. | Efficiency % ‘ ma. | 


Electrolyte Product 


| 
13.9 11.9 76 550 14.7 
Cu(OH), 15.8 12.3 84 510 20 
CuSO, 18.7 90 480 21 
Cu.(OH). 16.0 108 550 | 28 
8.5 74 550 10 
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The electrolytes used for the glow-discharge are shown in the first 
column of Table 1. As products, hydroxides were obtained, as a rule; 
however, when the oxides are more stable they were also formed, as 
shown in the second column of the same table. Most of them appeared 
in the form of cloud under the cathode in the solutions. In the case of 
zinc salts, the metallic zinc was observed besides the hydroxide and the 
oxide which deposited in the form of ribbons of thin films. The mecha- 
nism of the formation of the metallic zinc can be considered as the same 
as that when the surface was covered with liquid paraffin. 


In this case, the deposits and the solution in the discharge-cell were taken out and 
filtered with a paper, the residue was washed down in a beaker, then all the products 
were dissolved in an excess of diluted sulphuric acid which was previously standardized 
with a normal solution of caustic soda and the excess of the acid was titrated with 
the same alkali solution using methyl orange as the indicator. 


The chief deposits in the solution of copper sulphate were of two 
kinds, the greater portion was the greenish blue cupric hydroxide and 
the smaller was the yellow cuprous hydroxide, their proportion varied 
largely. The formation of metallic copper was almost imperceptible. 
In the table the weights were given as cupric hydroxide. 

When the surface of the solutions were covered with thin films of 
liquid paraffin neither hydroxide nor oxide was observed, but the finely 
divided powders of metals were obtained. When silver nitrate was used 
as an electrolyte, a brilliant mirror of metallic silver was observed be- 
sides the fine powders in the solution. Moreover, the thin layer of 
liquid paraffin showed an intense bluish green fluorescence during the 
electrolysis. 


(2) Discharge with Hot Cathode. In order to distinguish the 
characteristic behaviour of the surface of the solution against the elec- 
tronic impacts from that of the metallic surface, it is necessary to re- 
move the effects of the gaseous space; for this purpose, the authors 
undertook the differential measurements with the arrangement as shown 


in Fig. 2. 

In the discharge-cell a filament used as the hot cathode was placed 
in the gaseous space parallel to the surface of the solution which serves 
as an anode and a nickel plate which serves as an auxilliary anode. The 
distances from the hot cathode and the two anodes must be equal as far 
as possible. 

The two internal resistances i.e. the resistance between the hot 
cathode and the surface of the solution, and that between the hot cathode 
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Fig. 2. 


and the metallic anode form the arms of the Wheatstone’s bridge with 
two external resistances (R;) and (R.) which are much smaller than in- 
ternal ones. The potential difference applied between the hot cathode 
and the two anodes, which is regulated by the potentiometer (R), can 


be regarded as indicated by the voltmeter (V). The value of (R,) in 
the equilibrium of the bridge which is determined by the galvanometer 
(G) gives the current ratio in an arbitrary unit, provided (R.) is kept 
constant, throughout these measurements (R.) was fixed at 5734 ohms. 

As the hot cathode, a platinum coated with barium oxide or a blanck 
platinum wire was used, this was heated by the electric current whose 
intensity and terminal voltage were measured respectively by the am- 
meter (A;) and the voltmeter (V;). 


The inside of the discharge-cell should be absolutely free from oils and greases, 
if there is a slight trace of them, the anode process is very much affected, showing 
the similar behaviour as when covered with liquid paraffin. The solutions must be 
brought into reduced pressure before introducing in the discharge-cell to avoid the risk 
of bubbling in the cell due to the dissolved gas. The hot cathode and the auxilliary 
anode were then fitted and the gas above the solution was exhausted at ca. 100 mm. of 
mercury, cooled to the temperature slightly above the freezing point of the solution 
and exhausted the gas once more to 5-15 mm. of mercury. 


On account of too high pressure for such experiments, if the cur- 
rents were not so small, it was liable to form the space charge. In this 
experiments, the thermo-electronic currents were about the order of 10° 
ampére. Therefore, the imperfection of the compensation of the effect 
of the space charge due to the inexactitude of the location of the hot 
cathode was able to lessen. 
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The current ratio was measured with respect to FE, the accelerating 
potential difference for electrons impinging on the surface of the solu- 
tion and the nickel plate as described above. As represented in Fig. 3 
a-c each of the diagrams showing the relation between the current ratio 
and EF shows a maximuin at E’,,. The values in these diagrams, as well 
as in the table were corrected with a half value of the terminal voltage 
of the hot cathode. In the case the blanck platinum wires used as the 
hot cathodes, the maxima were given in the vicinity of 17 volts, whereas 
in the case of the platinum wire coated with barium oxide, the maxima 
were found in the neighbourhood of 22 volts. This discrepancy is due to 
the difference in the initial velocities of the electrons emitted from the 
hot cathodes. The initial velocity of the electrons ejected by the plati- 
num is 6.27 volts, hence the H’,, obtained on the diagrams using blanck 
platinum wires was corrected with this value. The value of correction 
applied for the E’,,, using platinum wire coated with barium oxide was 
1.69 volt. These values are tabulated in Table 2, the corrected values 
of E’,, of both cases denoted by E,,, coincide with each other. With 
the most kinds of solutions employed in this experiment, every E,, is 
found about 23 volts, except in the case of ammonium sulphate the value 
is somewhat higher. When the surface of the solution was covered with 
a very thin film of liquid paraffin the curve takes a steadily increasing 
form as shown in Fig. 3-d. 





Fig. 3a. 


(7) Du Bridge, “Landoit-Bérnstein-Ross-Scheele Tabellen,” Eg. II. 5—Aufl. 
Michel u. Spanner, “‘Landolt-Bérnstein-Ross-Scheele Tabellen,” Eg. I. 5-Aufl. 
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Fig. 3c. 


Fig. 3d. 











Electrolyte E'm 
16.6 
H;SO, 16.8 
16.9 
(NH,).SO, 17.5 
17.8 
16.8 
CuSO, 17.0 
H.SO, 21.5 
23.2 
(NH,).SO, 23.7 
23.5 
22.0 
K:S0, 21.8 
22.9 

NiSO, 


(1) 


Discussion of Results. 
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Table 2. 


Initial vel. 
correction 


6.27 


6.27 


6.27 


1.69 


1.69 


1.69 


The formation of hydroxides and oxides at 
the surface of the solution as the products of glow-electrolyses suggests 
the decomposition of the water molecules; however, it is still in question 
whether the water molecules to be decomposed belong to the gaseous 
space or to the solutions, and it is also to be determined in what form 
the energy is required for the decomposition of the water molecules. 
Experiment shows the coulomb-efficiencies of the formation of hydroxides 
or oxides are not so small that it can not be considered as by the mere 
migration of neutral particles from the gaseous space into the solution, 
except in the case when the particles have enough energy to dissociate 
the water molecules in the solution. 
the water molecules should also occur at the surface of the solution. 
Since the cupric hydroxide can be reduced by the nascent hydrogen gene- 
rated by the decomposition of the water molecules in the solution, the 
formation of the cuprous hydroxide seems to support this consideration. 





The form of the energy is now to be discussed. 


Em Curve No 
22.9 1 
23.1 2 
23.2 3 
23.8 4 
24.1 5 
23.1 6 
23.3 7 
23.2 8 
24.9 9 
25.4 10 
25.2 1l 
23.7 12 
23.5 13 
24.6 14 
15 


At any rate the decomposition of 


It may be (1) as 


photons of ultraviolet region, or (2) the energy possessed by the elec- 
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trons or (3) by the decomposition products of water vapour. From the 
facts that the products by the glow-electrolyses of the solutions covered 
with thin films of oil are entirely different, it must be regarded as it is 
not by the photons, because the thin films are not entirely impenetrable to 
the ultraviolet light. If it is the second case, the electrons should ac- 
quire enough energy for the dissolution of the water molecules at the 
surface of the solution before they collide with the surface. However, 
when the surface is covered with a thin film of oil the kinetic energy 
of electrons should be absorbed by the oil molecules, and the debilitated 
electrons set on the film attracting the cations in the solution to form an 
electric double layer, the strength of which increases until it discharges 
to deposit the cations in the metallic form similar to the ordinary elec- 
trode process. 

It may be also explained by introducing the particles produced by 
the decomposition of water vapour. However, in order to play this rdle, 
the particles should have rather a long period of average life in their 
highly excited state which lies sufficiently high above their normal level 
for the multiple decomposition of water molecules without further ac- 
celeration against the particles produced by the decomposition. If it 
were the case, it may be interpreted as follows. By the collisions of 
excited particles the dissociation of water molecules take place, which 
results the deposition of the cations as hydroxides or oxides; however, 
when the surface of the solution is covered with a thin film of oil, the 
particles are isolated from the solution, hence the characteristic be- 
haviour of the glow-electrode disappears. 

As mentioned above, the most probable of the three cases is the 
second, and the third is also possible. 


(2) Discharge with Hot Cathode. The ionization and dissociation 
in the gaseous space above the solution by the glow-electrolysis are ob- 
vious, where the dissociation of the water molecules situated at the 
surface of the solution is necessary, the latter is presumed to have direct 
contribution to the characteristic behaviour of the glow-electrode. The 
cause of this dissociation at the surface is now to be discussed. If it 
were caused by the electrons, there should be an abrupt increase of the 
electric conductance at the boundary of the gas and the solution by the 
dissociation of the water molecules, which gives rise to the deposition of 
the cations when the kinetic energy of electrons attain a certain value 


(9) W. R. Cousins, Z. physik. Chem., B-4(1929), 440; G. I. Lavin & F. B. 
Stewart, Nature, 123 (1929), 607; K. F. Bonhoeffer & T. G. Pearson, Z. physik. Chem., 
B-14 (1931), 1. They found OH-band in the emission of gas by the glow-discharge. 
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E,,. The number of electrons accepted by the metallic anode increases 
proportionally to the three halves power of E, while the number of the 
electrons accepted by the surface of the solution is small compared to 
the former until the potential difference E is raised to E’,,, and in the 
vicinity of E the number suddenly increases to some extent, but after 
E exceeded E’,, the number does not increase so abruptly as before. 


However, if it were caused by the excited particles produced in the 
gaseous space by the collisions of the electrons with water molecules, the 
probability of the formation of such particles should increase as E is 
vaised, because the formation is possible in the zone between the posi- 
tion, where the electrons will gain enough energy tc dissociate and ex- 
cite the water molecules and the surface of the solution. Hence the 
current should increase gradually as E is raised. 


The current in the discharge-cell involves three factors with respect 
to the potential difference EF, the first of them is the effect of the ex- 
ternal field on the emission of the hot cathode, the second is the effect 
of the gaseous medium e.g. formation of space charge etc., and the third 
is the effect caused by the transportation of negative electricity through 
the boundary of the gas and the solution. By means of the differential 
measurements, informed above, the first and the second effects can be 
removed and the third effect is only admitted in its relative appearance 
against the metallic surface. 


Therefore, if the abrupt increase of the electric conductance at the 
boundary were caused by the electrons, there must be a maximum on 
the curve representing the relations between the current ratio and the 
potential difference E at E’,,; however, if it were by the excited parti- 
cles, there should not be any maximum on the curve. This maximum 
was verified with each of the solutions of the electrolytes used in the 
experiment, as described above. The existence of the maxima offers 
a proof that the decomposition of the water molecules situated at the 
surfaces of the solutions should be caused by the impacts of electrons 
and not by the secondarily produced particles produced by the collisions 
of the electrons emitted by the hot cathode with the water vapour. As 
the mean, the value F = 23.8 volts was given within the error of 1.6 
volt by this experiment, and this value can be interpreted in the fol- 
lowing manner. 


Ascribing the abrupt increase of the electric conductance of the 
boundary determined by the maxima on the curves representing the re- 
lation between the current ratio and the potential difference applied be- 
tween the hot cathode and the both anodes to the dissociation of the 
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water molecules situated at the surface of the solution, the dissociation 
is assumed as: 

H.O — H*+OH-+e 


where the OH molecule may be excited to ** state. The energy requir- 
ed for this dissociation can be obtained as follows. 


(1) H.O(1)— H.O(g)— 0.47 e.v. ......Heat of vapourization of 
water/molecule at 0°C.0® 
(2) H.O(g)—H+0OH(*/7)—- 5.le.v. .. Heat of dissociation of 


water /molecule@” 

(3) OH(?/7)—OH(?¥)— 4.03 ev. ....Energy of excitation of 
OH/ molecule“ 

(4) H=H*t+e—13.53 ev. .......... Ionization potential of 


hydrogen atom. 
Accordingly, the sum of these equations (1), (2), (3) and (4) gives 
H.O = H*+OH (7) +e — 23.1 e.v. 


The experimental result showed a good agreement with this value. 

The excited OH molecules at * state will immediately drop to the 
normal level and combine with the electrons by their strong affinities; 
then the negative electricities are transformed into the ionic forms 
which are readily soluble in the solution and the OH~- ions react chemi- 
cally with the cations to form the hydroxides or oxides of metals. 


Summary. 


(1) The glow-discharge between the metallic cathode and the sur- 
face of the solution was examined, and it was found that the products 
were mostly hydroxides or oxides of the cations in the solution. From 
the coulomb-efficiencies of their formations and the products obtained by 
the glow-electrolyses with the solutions covered with oil, it was conclud- 
ed that the decomposition of water molecules should occur at the surface 
of the solution and it should be caused by the impacts of the electrons 








(10) W. Schiile, “Landolt-Bérnstein-Ross-Scheele Tabellen,” Eg.I. 5-Au. 594.8 
cal/gr. is given. 

(11) Senftleben u. Reichmeier, Phys. Z., 34 (1933), 228. 

(12) Calculated from the water-band at 3064 A.U. M. Kimura, Sci. Pap. Inst. 
Phys. Chem. Res. Japan, 18 (1932), 109 offered 71410 cm.-! for the dissociation H.O— 
OH (*2) +H. 
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or other particles having enough energies to dissociate the water mole- 
cules. 

(2) A characteristic phenomenon by the transportation of the nega- 
tive electricity through the boundary of the gas and the solution was 
studied and it was deduced that the dissociation should be caused by the 
accelerated electrons having the kinetic energy of 23.8 e.v.. 


Further, the process of the dissociation was proposed, and the energy 
required for this dissociation was calculated as 23.le.v.. 


Chemical Institute, Faculty of Science, 
Tokyo Imperial University, Tokyo. 


ON THE COPPER AGE IN ANCIENT CHINA. IIL. 


By Tsurumatsu DONO. 


Received January 13th, 1934. Published March 28th, 1934. 


In the previous two reports,” the present author described the results 
of chemical analyses of several ancient Chinese weapons which consist of 
almost pure copper and concluded that the copper age and a transitional 
period to the well known bronze age really existed in ancient China. 
Quite recently the author was fortunately able to get in hand some further 
specimens of old Chinese weapons of the same type as already studied, by the 
kindfull efforts of Mr. Mikami and Mr. Sugimura in Peiping, to whom the 
author wishes to express his profound indebtedness on this occasion. 

The newly obtained specimens consist of a spear head and three hal- 
berds (compare Figs. 1, 2, 3 and 4.), among which the spear head contains, 
according to the present investigation, about 0.24% of tin (too insignificant 
amount in tin to be taken as a bronze implement), while two halberds 
involve no or a very slight amount of tin, in the latter case the metal being 
only detectable by the spectral analysis. 

As for the last one of these halberds, it showed indeed so much content 
of tin as 13.7426 and it may properly be called a bronze implement. More- 


(1) T. Déno, this Bulletin, 7 (1932), 347; 8 (1933), 133. 
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over, it is of no less interest to recongnise the fact that this last specimen 
of the high tin content is considered to possess a quite advanced form 
compared to the others now studied from the archzological standpoint. 
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Fig. 1. Spear-head. 
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Fig. 2. Halberd A. 
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Fig. 3. Halberd B. 
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Fig. 4. Halberd C. 


Experimental Part. 


The chemical analyses and the metallographical studies were carried 
out in the usual way” and the constituents, which are scarcely detected by 
the chemical methods, were found from the arc spectral analysis. The 
results are given below :— 


Results of the chemical analysis : 


Spear-head Halberd A Halberd B Halberd C 

Sample (gr.) 0.4960 0.5050 0.5007 0.5120 
Copper (%) 84.78 88.14 85.86 84 92 
Tin (%) 0.24 Trace Trace 13.74 
Lead (%) 6.02 6.64 13.05 0.30 
Arsenic (%) Trace — — Trace 
Iron (%) 3.65 0.08 0.06 0.12 
Nickel (%) _- _ — _ 
Gold (%) Trace Trace Trace Trace 
Silver (%) 0.06 0.04 0.05 0.04 
Total (%) 94.75 94.90 99.02 99.12 


Metallographical photographs 





(2) T. Dono, J. Chem. Soc. Japan, 51 (1930), 463; 53 (1932), 
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(Enlarged 100 times and etched by the solution of ammoniacal hydrogen- 
peroxide). 


Fig.5. Spear-head 


Fig. 7. Halberd A 


Fig. 9. Halberd B Fig.*10.~ Halberd B (etched) 





Fig. 11. Halberd C Fig. 12. Halberd C (etched) 


As will be seen in the analytical results given above, some of them are 
considerably less than 10024 in total: this is, as was stated in the previous 
reports,’ due to oxygen which combined probably with metals during or 
after the manufacture of these weapons. As for the meaning of the 
existence of other metals also was already explained in the preceding 
papers.” 

In conclusion, the author expresses his sincere gratitude to Prof. 
Dr. Y. Shibata, Prof. Dr. S. Kato and Prof. Dr. K. Kimura for their kind 
guidances, and to Prof. Dr. Y. Harada, Dr. Y. Komai and Dr. N. Egami in 
the Archaeological Institute of the Faculty of Literature of Tokyo Imperial 
University, who gave valuable advices on the archzological consideration. 


Summary. 


One spear-head and three halberds which are of the same types as 
those relics unearthed from Yin Site, were analysed, and it was proved that 
the spear-head and the two of three halberds must be called the copper 
implements, and the last one of the halberds contains a considerable 
amount of tin, therefore this specimen may be called properly a bronze one. 

Considered from these results coupled with those described in the 
previous two papers, all of four spear-heads already studied were of almost 
pure copper, and four of the six halberds were also pure copper implements 
and some others were regarded as bronze implements. 

Thus, by the present investigation of the author, the existences of 
the copper age and a transitional period to the bronze age in ancient China 
were further emphasized. 


Chemical Laboratory, Akita Mining College. 
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THE MEASUREMENT OF HIGH VOLTAGE OF ALTER- 
NATING CURRENT BY KERR CELL. 


By Yohei YAMAGUCHI and Kunimoto MIYAMOTO, 


Received December 23rd, 1933. Published March 28th, 1934. 


Introduction. 


Many experiments have been carried out on the double refraction 
of nitrobenzene in the electric field by several authors, and its Kerr con- 
stant was evaluated by different methods. The present authors tried to 
evaluate the voltage applied to the electric field by using the known Kerr 
constant and the intensity of light which was passed through the Kerr 
cell of nitrobenzene placed in crossed nicols and simultaneously in the 
field of 7,000—25,000 volt/cm. and of 50-cycle of alternating current. 


Experimental. 


Apparatus. The glass vessel which holds nitrobenzene has a capa- 


city of 8cm.*x2cem.3.5cm. In order to pass the light through the 
vessel a hole of 6mm. of diameter is made on each wall of 2em.3.5 
cm. and it is covered with a sheet of deck glass which is fixed at the 
wall with bakerite varnish by gently heating after dried. Two copper 
plates of 0.3mm. of thickness and 71.0mm. 6.0mm. of area are put 
parallel with each other with 0.38 cm. of width and these two are fixed 
perpendicularly on the thick glass cover of the vessel and are used as 
electrodes. It is necessary to use some sealing materials to make the 
cover tight with the vessel in order to prevent the absorption of mois- 
ture into nitrobenzene. Such materials as vaseline, however, are not 
appropriate, as they are soluble in nitrobenzene. Therefore the above 
glass vessel is put into a larger glass vessel (9 cm. 3.5 cm. 6.0 cm.) 
having as well windows to admit light as before. Phosphorus pentoxide 
is put on the bottom of the outer vessel to absorb moisture in the vessels. 

A gas-filled tungsten filament lamp of 100-volt and 100-watt is illu- 
minated by secondary batteries as the light source. The light is con- 
denced by a lens and is made approximately a monochromatic light by 
the filter of 510-540yuy. The light passed through the slits and a pola- 
rizer of nicol is admitted into nitrobenzene in the glass vessel. The 
double refracted light in nitrobenzene is passed through an analyser and 
is fallen on a dry plate in a special camera, and a spot of 2.0mm. of 
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diameter is made on the plate. The dry plate is shifted a little after 
each experiment to obtain a series of spots on the plate. The dry plates 
used were Ilford screened chromatic H.D. 270. 

The time of exposure of the dry plate was 5-10sec. The accuracy 
to 0.05 sec. of time of exposure was obtained by using the time of flow 
of a certain quantity of an aqueous solution of glycerine through a 
capillary tube. The angle of rotation of the analyser was read with a 
magnifying lens. 

Electric high potentials were obtained from the transformer with 
the turn ratios of 30, 50, 75 and 100. Alternating current of 110-volt 
and 50-cycle was supplied to the primary circuit of the transformer and 
it was controlled to 100 volts. 


LV 


Ca A SIF Sh Co L 
Fig. 1. 


The apparatus used is illustrated in Fig.1. L is the light source, 
Co condenser, Sh shutter, F filter, Sl slit, P polarizer, K Kerr cell, A 
analyser and Ca camera. 

Nitrobenzene used was the pure chemicals of Kahlbaum, and it was 
purified as follows. Nitrobenzene (500 gr.) was distilled at 130°C. under 
a reduced pressure by passing dry air from the capillary. The distillate 
was frozen by freezing mixture and the part which did not melt at 
1.0°C. was collected. This part was put into a distilling apparatus whole 
of which consisted of glass, and it was distilled without boiling under 
2mm. pressure by heating one part of the vessel below 90°C. and by 
cooling the other part with freezing mixture. About 100c.c. of thus 
purified nitrobenzene was obtained and kept free from atmosphere in 
the dark. 


Experimental Procedure. Nitrobenzene is sealed in the cleaned ves- 
sel. The position of the polarizer is so adjusted as its plane of polari- 
zation makes the angle of 45° to the plane of electrode. The camera is 
unmounted and the analyser is rotated until the visual field is just dark 
to the naked eye. The camera in which the halved dry plate is, placed 
is mounted on the apparatus and a high potential is applied on the elec- 
trodes. A requisite time of exposure is given to the dry plate by open- 
ing the shutter. The dry plate is shifted a little and another exposure 
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A series of points of 






is carried out as before by changing the potential. 
exposures is thus obtained on a sheet of dry plate. 

The darkness of the spots of the dry plate is not proportional to the ' 
intensity of light fallen on it. Therefore the spots of standards for the 
comparison of darkness with intensity of light were made on the dry 
plate of the other half by changing the angles of polarization between 
the polarizer and the analyser to 90°, 80°, 70°, 60°, 50°, 40°, 30°, 20 
and 10° with the equal time of exposure and with no potential on the 
electrodes of the Kerr cell. The one half of the dry plate used for deter- 
mining the potentials and the other half of the plate used for obtaining 
the standards of darkness were developed and fixed together under the 
same condition. The darkness of the plates was measured with a micro- 
photometer. And the intensity of light fallen on the former plate was 
determined by comparing with the standard prepared on the latter. 

Every one series of experiment was carried out by changing the turn 
ratios of transformer to 30, 50, 75 and 100, and the standard of dark- 
ness was prepared in every one series. The voltage of the primary cir- 
cuit was controlled to 100 volts during the experiments, but the pointer 
of voltmeter fluctuated between 98 and 102 volts. Although the tem- 
perature varied 10-15°C. in the experiments, its effect, however, was not 
taken into the calculation. 















Intensity of Light. When a potential is not applied to the Kerr cell, 
if a denote the angle of polarization between the polarizer and analyser, 
and J, denote the intensity of light from the analyser, and ]—1 when 
a 0°, then there is the following relation. 













I, = cos’a . 


The darkness of the standard dry plate is read with the microphoto- 
meter and a curve relating between the reading and J, is drawn. The 
intensity of light fallen on the dry plate used for the determination 
of potential is determined with the reading of the microphotometer by 
using the above curve. If the product of mean intensity of light and 
time of exposure, i.e. light quantity is equal each other, it is assumed that 
the darkness of the dry plate is the same, though the mode of change of 
intensity of light may be different in the course of exposure. 


















Relation between Voltage and Intensity of Light. Since an alter- 
nating current of 50-cycle is used and the time of exposure of the dry 
plate is 5-10 sec., the intensity of light varies periodically in the course 
of exposing and the mean of intensity is recorded on the dry plate. Hence 
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the effective voltage of A.C. is calculated from the measured mean in- 
tensity of light. 

When the Kerr cell is put in the crossed nicols and the angle be- 
tween the plane of polarization and that of electrode is 45°, then the 
relation between the intensity of light J from analyser and voltage EF is 
as follows. 

I= sin Oe 
where E is the voltage expressed in e.s.u., B the Kerr constant, a the 
distance between electrodes and 1 the width of electric field. 

If F, denote the voltage at the time ¢ since the voltage EF of A.C. 
changes with time, J; the intensity of light at that time, and also e; the 
effective voltage when the voltage of A.C. changes in the form of a sine 
curve, then 


2 
i= sin? ( — 
a 


sin? wt ) 
If J denote the mean intensity of light with 1, cycle, 


Qo Xt 20 

7 yh 

aa 2m 'g sin? ( —. 
a 


[= iL 


sin*ot ) dt. 


7 J0 


When 27Bl-/a? is represented by b, 


Io =| 
T J6 


” sin? (b sin®wt) dt 


 (? {1—-cos (2b sin*x) | de 
TT J0 


; ae | cos 6 cos (b cos 22) —sin b sin (b cos 27) | dx 
7 J0 
1 _ 2 os b{ “cos (b cos x) dx 


2 7 0 


; 2 —cos( oie?) Jo( ome 


where J, indicates Bessel’s function. 
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The value of B at 520 pp of 4 is obtained by the following equation 
as 374.4107 from the value of B (= 346.010) at 546 yp» of 4 which 
was obtained by R. Moller. 


By. = By 2m —1¥ 
a) 2 Ayn, (m.—1) 


where n is the index of refraction. 





10 <«(kV) 
Fig. 2. 
The constants of the apparatus are as follows: a= 0.38cm., the 


length of electrode is 7.10 cm., hence 17.18 cm. (by calculation). Put- 
ting these values in the above equation, 


[= ; {1 — cos (7.45°€*)Jo(0.1300 ¢') | 


where e is expressed in kilovolt. The relation between ¢ and 7 in the 
range from ¢ = 2 to 10.5 is shown by a curve in Fig. 2. 


The Results of Experiment. The effective voltages e’: correspond- 
ing to the secondary voltages e. obtained from the turn ratios of the 
transformer were calculated from the measured intensity of light by 
using the curve of Fig.2. These values are shown in Tablel. ee, in 
the table is the effective voltage of the primary circuit, 7 intensity of 
light, e2 effective voltage of the secondary obtained by the turn ratio and 
e’» that obtained from the intensity of light. 


(1) Phys. Z., 30 (1929), 22. 
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Table 1. 





100.0 0.22 3.000 2.780 30 27.8 
* 0.27 - 2.920 os 29.2 

” 0.24 a 2.850 je 28.5 

a 0.22 ‘a 2.780 on 27.8 

- 0.255 ~ 2.900 - 29.0 
80.5 0.21 2.415 2.760 7” 33.0 
90.0 0.32 2.700 3.059 ie 33.9 
100.0 0.45 5.000 4.620 50 46.2 
a 0.395 a 4.760 , 47.6 
- 0.395 ia 4.760 a 47.6 
70.0 0.33 3.500 3.070 a 49.5 
100.0 0.41 7.500 7.510 75 75.1 
ae 0.43 7.550 ‘ 15.5 
- 0.40 - 7.500 - 75.0 
= 0.40 - 7.500 = 75.0 
0.34 ss 7.300 73.0 

- 0.42 . 7.620 - 76.2 
100 0.48 10.0 0 9.42) 100 90.2 
~ 0.40 - 8.900 ‘an 89.0 
9 0.48 - 9.18) i 91.8 


».450 


>. 78U 


Discussion of Results. The voltages obtained from the measured 
intensity of light are nearly equal to the voltage calculated from the turn 
ratios of transformer, but the former is generally less than the latter. 
Every value of voltages obtained from the measured intensity of light 
has a fluctuation of about 3% from their mean. The following few facts 
may be the main causes of the above fluctuation. 

(1) The primary voltage always varied in the range from 1 to 4% 
in the measurements. (2) The accuracy of the microphotometer used 
is 3-5%. (3) Light passed through the filter is 510-540 yy, while it is 
assumed simply 520yy. (4) There is the error of less than 1% in the 
value of Kerr constant. According to Hehlgans® its value considerably 


(2) Phys. Z., 30 (1929), 942. 
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varies with the purity of nitrobenzene. (5) Potential gradient of elec- 
tric field is not linear in impure nitrobenzene. 


Summary. 

(1) The monochromatic light of about (A=) 520yy was passed 
through nitrobenzene which was put in crossed nicols and in an alter- 
nating electric field of 7,000-—25,000 volts/cm., and the intensity of light 
from the analyser was measured. 

(2) The potential of the electric field was calculated from the 
measured intensity of light by using the known Kerr constant. 

(3) The calculated values of potentiais are nearly equal to those 
obtained from the turn ratios of the transformer, but are generally less 
than the latter. 


The Chemical Institute, Faculty of Science, 
Tokyo Imperial University, Tokyo. 


PICRATES OF CHALCONES AS ORGANIC 
MOLECULAR COMPOUNDS.” 
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It is well known that unsaturated ketone§@as chalcones>form various 
molecular compounds,” among which some picrates were reported by 
D. Vorlinder.” He classified them as salt-like compounds between a, 
8-unsaturated ketones and acids, and the following picrates were enu- 
merated by him; 


(1) Read before the ordinary meeting of the Chemical Society of Japan, June 14th, 
1930. 

(2) P. Pfeiffer, ‘‘ Organische Molekiilverbindungen,’’ (1927) 66-85. 

(3) Amnn., 341 (1905), 32. 
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Benzalacetophenone picrate 
Anisalacetophenone picrate 
Piperonilideneacetophenone picrate 
Cinnamilideneacetophenone picrate 
Anisalpinacoline picrate 
_Dipiperonilideneacetone picrate 


These picrates are formed in combining each molecule of chalcone with two 
molecules of picric acid, but it is not quite certain whether chalcones other 
than those mentioned above also combine with picric acid always in this 
proportion of 1:2. Further it is somewhat uncertain whether these picrates 
are formed just in the same way as chalcones combine with inorganic acids, 
as was mentioned by Vorlander. 

The cause of formation of a molecular compounds, as a component of 
which nitrophenols are concerning, may perhaps be considered in various 
ways; i.e., we may attribute the point of the molecular linkage of a nitro- 
phenol either to its phenol group, nitro group or to NOOH-radical, which is 
considered usually in a nitrophenol molecule. 

The present study was then undertaken, in order to elucidate these 
questions. 

The method of investigation employed by the author is similar to that 
proposed by H. Rheinboldt, only slight modification being done in the 
shape of the stirring rod. Rheinboldt used a slender glass rod for this 
purpose, but it occurs creeping-up of the molten material along the wall of 
observing capillary and some errors are often caused, while the pin-head 
shaped stirrer deviced by the author may avoid this difficulty (compare 
A and B in Fig. 1). 





Fig. 1. 
The molecular compounds of the chalcones studied by the author were 
in the following molecular proportions, namely they are not exclusively 1:2; 


(4) The figures show the molecular proportions. 
(5) J. prakt. Chem., [2] 111 (1925), 242; 112 (1926),187; 113 (1926), 199. 





Picrates of Chalcones as Organic Molecular Compounds. 


_ Piperonilideneacetophenone picrate 1 
2’-Oxybenzalacetophenone picrate 2: 
4’-Oxybenzalacetophenone picrate 1: ~ 
4’-Ethoxybenzalacetophenone picrate 1: 


“* 
? 


As 8-naphthol gave no molecular compound with_piperonilideneaceto- 
phenone, it seems that phenols have no affinity with chalcones to form 
molecular compounds. 


Experimental. 


3.4-Methylenedioxybenzalacetophenone® was prepared by the conden- 
sation of piperonal and acetophenone: 10gr. of piperonal and 8 gr. of 
acetophenone were dissolved in 200c.c. of spirit, and to this solution was 
added some 5% caustic soda. The separated crystals of feebly yellow colour 
were recrystallized twice from alcohol : m.p. 121.0°C. 


2’-Oxybenzalacetophenone™ was prepared by dissolving 2 gr. of o-oxy- 
acetophenone and 2gr. of benzaldehyde in 20 gr. of alcohol and by adding 
4 gr. of 50% caustic potash, Evolving a little heat, the solution turned to- 
yellow and then became orange-red and at the same time muddy. After 
standing overnight it was poured into dilute hydrochloric acid, and then 
separated chalcone was recrystallized from alcohol : m.p. 88.0-89.0°C. 


4’-Oxybenzalacetophenone™® was prepared by dissolving one part of 
p-oxyacetophenone and one part of benzaldehyde in 10 parts of alcohol and 
by adding 2 parts of 50% caustic ketash, warming the mixture for half an— 
hour on the water-bath, then pouring it into water and acidifying. The 
separated chalcone was recrystallized from spirit: m.p. 174.5-175.5°C. 


4’-Ethoxybenzalacetophenone® was prepared by ethylation of 4’-oxy- 
benzalacetophenone in the ordinary way with ethyl iodide and caustic 
alkali: m.p. 73.5-74.5°C. 

The o- and p-oxyacetophenone used in the preceding preparations, 
were obtained by heating for five hours at 120°C. the mixture of one part 
of phenol acetate and two parts of anhydrous aluminium chloride, treating 
the mixture with cold water and then separating the two acetophenones by 
steam distillation.” The picric acid and the naphthol were purified from 
the commercial products by repeated recrystallization from water. 


(6) St. v. Kostanecki u. M. Schneider, Ber., 29 (1896), 1892. 
(7) W. Feuerstein u. St. v. Kostanecki, Ber., 31 (1898), 715. 
(8) Kostanecki u. J. Tambor, Ber., 32 (1899), 1924. 

(9) K. Freudenberg u. L. Orthner, Ber., 55 (1922), 148. 
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The system: 3.4-Methylenedioxybenzal- 
acetophenone—picric acid (See Fig. 2) 


Molecular percentages of Temperatures of Eutectic points : 


Complete 


fusion 113.5°C. picric acid 
94.5 mol % 


Chalcone Picric acid Thawing 


100.0 122.0 
97.5 3.5 120.0 eiiie oan 
95.6 3 116.5 104.0°C. picric acid 


389 F 280 27.0 mol % 
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— Temperature °C. 
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— Molecular percentage of chalcone. 


Fig. 2. 
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The system: 2’-Oxybenzalacetophenone— 
picric acid (See Fig. 3) 


Molecular percentages of Temperatures of : ; 
cae Eutectic points : 
Complete 


Chalcone Picric acid Thawing fusion 


100.0 _ 122.0 
94.9 113.0 118.0 


113.0 120.5 nae . 
113.0 128.4 82.0°C. picric acid 


113.0 129.3 9.5 mol 2% 


113.0°C. picric acid 
| 92.5 mol % 


113.0 129.5 
112.0 130.0 
120.0 130.5 


110.0 131.0 Distectic point : 
82.5 129.0 


82.0 127.5 
82.0 125.8 | 

82.0 or 

82.0 120.0 132°C. 3 mols 
82.0 115.0 


picric acid 





chaleone 2 mols 
82.0 108.5 
82.3 85.0 
82.5 85.8 
89.0 














— Temperature °C. 

















— Molecular percentage of chalcone. 


Fig. 3. 
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The system: 4’-Oxybenzalacetophenone— 
picric acid (See Fig. 4) 


Molecular percentages of Temperatures of ; , 
Eutectic points : 
, ee . : Complete 
Chalcone Picric acid Thawing : 
; nd __ fusion (119.0°C. pierie acid 
122.0 97,5 mol 
119.5 


+ ¥ 149.5°C. picric acid 


mpegs 37.5 mol 


oo 68 © 
S23 SSSSs 
Aaowncd xr» woacco 


AQAD~1-] 
Bx 


Distectic point : 


- acid 
1 mol 


a = = 157.5°C. 


64.3 36. , 
68.0 32. chalcone 


70.1 29, .f 1 mol 
74.5 : J 

88.1 

100.0 


ee ene na ee eS 





Temperature °C. 


— 





— Molecular percentage of chalcone. 


Fig. 4. 
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The system: 4’-Ethoxybenzalacetophenone— 
picric acid (See Fig. 5) 


| Molecular percentages of Temperatures of 


Complete Eutectic points : 


‘ > Heric aci rj ‘ 
Chaleone Picric acid Thawing fusion 


| 


100.0 . 122.0 81.0°C. picric acid 
95.4 82.5 118.5 : 
90.8 81.5 116.0 53.5 mol % 


86.2 81.5 112.0 


ae one — 60.5°C. picric acid 
76.8 81.0 106.3 
72.0 79.5 a 
67.2 81.3 98.0 
62.6 80.4 93.0 
62.3 81.0 _ 


60.0 80.0 89.0 Distectic point : 
57.4 81.0 - 

55.4 80.0 85.0 

52.9 81.0 83.0 picric acid 
52.0 80.5 82.5 


50.3 80.5 84.0 iat 1 mol 


16.7 mol % 


NAN WS oweows 
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Hard 
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49.3 75.0 . 
42.4 65.0 83.2 chalcone 
32.0 60.5 79.0 


21.6 61.0 69.5 1 mol 
10.8 62.0 68.5 

6.5 65.0 72.0 

0.0 73.5 74.5 
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— Temperature °C. 
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Fig. 5. 
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The system: 3.4-Methylenedioxybenzal- 
acetophenone—A-naphthol (See Fig. 6) 


Molecular percentages of Temperatures of 


Complete 


Chalcone $-Naphthol Thawing roe 


100.0 121.5 — 
93.7 2. 116.6 Eutectic point : 
87.5 f 111.5 


a YY ry: 71.5°C. 8-naphthol 


63.6 / 83.8 58.2 mol % 
53.9 80.0 
42.8 f 95.5 
36.8 : 100.5 
30.4 - 106.6 


23.6 2. 110.8 
16.2 ‘ 114.5 
8.4 ‘ 118.4 
0.0 121.0 


120 \ 
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110 ; 





100 } 
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— Temperature °C. 
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Fig. 6. 


In conclusion, the author wishes to express his best gratitude to Prof. 
Y. Shibata for his kind and at the same time useful advises throughout 
this research. 
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HETEROGENEOUS CHEMICAL REACTIONS IN THE 
SILENT ELECTRIC DISCHARGE. VII. 


By Susumu MIYAMOTO. 


Received December 24th, 1933. Published March 28th, 1934. 


Investigations of the reduction of a number of inorganic solid sub- 
stances by hydrogen in the silent electric discharge have been carried 
out over a considerable period; there follows an account of the results 
cbtained since the publication of the previous papers.” 

The apparatus and method of investigation are the same as those 
previously mentioned.” 


Experimental. 


(1) Lithium Nitrate. A gas absorption apparatus similar to that 
employed in the case of calcium nitrate” was connected to the apparatus. 
Nitrogen peroxide contained in the gaseous reaction products is absorbed 
by alkaline solution in absorption bottle (1), nitric oxide is then oxidized 


by air and absorbed by alkaline solution in absorption bottle (2), and, lastly, 
ammonia gas is absorbed by dilute sulphuric acid solution in absorption 
bottle (3). 

Exp. 1. A qualitative experiment was first carried out. 


The quantity of lithium nitrate, LiNO,3H.O, employed = 8.00 gr. 
Time of silent electric discharge = 6 hours. 


Water was produced during the reaction and part of the powder in 
the discharge tube became moist. 

Distilled water was added into the discharge tube and the chemical 
properties of the solution produced were examined, with the following 
results :— 


(a) The solution was basic. It coloured red litmus paper biue. 

(b) On adding silver nitrate solution, a chocolate-brown precipitate of silver 
oxide was produced. 

(c) The solution was neutralized with nitric acid solution and silver nitrate 
solution added. No yellow precipitate was obtained, proving the absence 
of hyponitrite. 


(1) S. Miyamoto, J. Chem. Soc. Japan, 53 (1932), 724, 788, 914, 933; 54 (1933), 
85, 202. 
(2) S. Miyamoto, ibid., 54 (1933), 89. 
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(d) The solution was added to Fehling’s solution and heated. No reduction 
took place, proving the absence of hydroxylamine, 

(e) The solution was placed in a test tube, potassium iodide solution added, 
acidified with dilute sulphuric acid solution and a few drops of starch 
solution added. The solution was coloured blue, proving the presence of 
nitrite. 

(f) The solution was placed in a test tube and heated. Moist red litmus paper 
became blue, proving the evolution of ammonia. 


The alkaline solution in absorption bottle (1) was placed in a test 
tube, potassium iodide solution added, acidified with dilute sulphuric acid 
solution and a few drops of starch solution added. The solution was 
colourd slightly blue, proving that a minute quantity of nitrogen per- 
oxide had been produced during the reaction. 


By analyzing the alkaline solution in absorption bottle (2) it was 
proved that nitric oxide is not a gaseous reaction product. 


The sulphuric acid solution in absorption bottle (3) was placed in 
a test tube, alkalined with sodium hydroxide solution and heated. The 
evolution of ammonia gas was proved. 


Exp. 2. The solid reaction product was dissolved in water and the 
total volume of the solution was made up to 100c.c. The quantity of 
nitrite was determined in the normal manner. 


Lithium nitrate employed = 8.00 gr. 

Time of silent electric discharge = 6 hours. 

Volume of potassium permanganate solution of 0.01000 normal, equivalent to 
the quantity of nitrite produced = 1.10 c.c. 


Exp. 3. The solid reaction product was dissolved in dilute nitric 
acid solution, and distilled with an excess of sodium hydroxide solution. 
The ammonia gas evolved was absorbed by a definite quantity of sul- 
phuric acid solution. The distillation was stopped when no further 
evolution of ammonia took place, and the excess of sulphuric acid was 
titrated with sodium carbonate solution. 


The quantity of ammonia gas absorbed by sulphuric acid solution 
in absorption bottle (3) during the reaction was similarly determined. 


Lithium nitrate employed = 8.00 gr. 

Time of silent electric discharge = 6 hours. 

Volume of sulphuric acid solution of 0.1000 normal, equivalent to the quantity 
of ammonia evolved when the solid reaction product was distilled with an 
excess of sodium hydroxide solution = 0.24 c.c. 

Volume of sulphuric acid solution of 0.1000 normal, equivalent to the quantity 
of ammonia absorbed by sulphuric acid solution in absorption bottle (3) 
= 0.29 c.c. 
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From these experimental facts, it would seem that the principal 
chemical reactions in the discharge tube are expressed by the following 
equations. 


LiNO,(solid) + H2(gas) = LiNOAsolid) + H2O(liquid), 
LiNO;(s) + 4H2(g} = LiOH(s)+ NH3(g)+2H20(1), 
LiNO.(s)+3HAg) = LiOH(s) + NH;(g)+ H20(1), 


(2) Beryllium Nitrate. Exp.1. The quantity of beryllium nitrate, 
Be(NO;).3H.O, employed = 8.00gr. Time of silent electric discharge = 5 hours. 


A gas absorption apparatus similar to that employed in the previous 
case was connected to the discharge tube. 

Soon after the electric current was passed, a considerable quantity 
of brown coloured gas, which is undoubtedly nitrogen peroxide, evolved 
in the discharge tube. Water was found condensed on the wall of the 
discharge tube. 

Water was poured into the discharge tube, well shaken and filtered. 
A small quantity of insoluble white powder remained. It was filtered 
and washed. The insoluble white powder is undoubtedly beryllium hydrox- 
ide. The filtrate had the following chemical properties. 


(a) The solution was acidic. This is due to the hydrolysis of beryllium nitrate 
unchanged. 

(b) By the identical method employed in the previous case, it was proved that 
the solution contained nitrite. As beryllium nitrite is unknown, the nitrite 
contained in the solution is supposed to be ammonium nitrite produced 
during the reaction. 

(c) The presence of ammonium salt was proved. 

(d) The absence of hydroxylamine was proved in the normal manner, 


xactly as in the case of lithium nitrate, it was proved that the 
gaseous reaction products contained no ammonia gas but considerable 
quantities of nitrogen peroxide and nitric oxide. 
Exp. 2. The quantity of ammonium salt produced was determined 
in the normal manner.® 
Beryllium nitrate employed = 8.00 gr. 
Time of silent electric discharge = 5.5 hours, 


Volume of sulphuric acid solution of 0.1000 normal, equivalent to the quantity 
of ammonium salt produced = 8.47 c.c. 


Exp. 3. The quantities of nitrite, nitrogen peroxide and nitric oxide 
produced were determined. 





(3) Treadwell, “Kurzes Lehrbuch der analytischen Chemie,” 10. Aufi., 2. Bd., 
S. 483. 
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On leaving the discharge tube, the gas was first passed through two 
absorption bottles containing sodium hydroxide solution (a), the gas was 
then mixed with a sufficient quantity of air and passed through two 
absorption bottles containing sodium hydroxide solution (b). 

The quantity of nitrite contained in the solid reaction products was 
determined in the normal manner. 


Beryllium nitrate employed = 8.00 gr. 

Time of silent electric discharge = 5 hours. 

Volume of potassium permanganate solution of 0.01000 normal, equivalent to 
the quantity of nitrite produced in the solid phase = 2.80 c.c. 

Volume of potassium permanganate solution of 0.01000 normal, equivalent to 
the quantity of nitrite in absorption bottle (a) formed by absorbing nitrogen 
peroxide = 249.40 c.c. 

Volume of potassium permanganate solution of 0.01000 normal, equivalent to 
the quantity of nitrite in absorption bottle (b) formed by absorbing nitrogen 
peroxide, which is the oxidation product of nitric oxide, produced during the 
reaction = 522.20 c.c. 


From these experimental facts, it is certain that the principal reac- 
tion products are beryllium hydroxide, nitrite, ammonium salt, nitrogen 
peroxide and nitric oxide. It is a notable fact that the quantities of 
nitrogen peroxide and nitric oxide produced in this case are considerable 
compared with those produced in the case of nitrates of other metals, 
such as magnesium, zinc,® cadmium, calcium, strontium® and 
barium. 

It is probable that the principal chemical reactions in the discharge 
tube are expressed by the following equations. 


Be(NOs)2(s) + 8H2(g) = Be(OH)2(s) + 2NH:(g) +4H20(1), 
Be(NOs)o(s) +2N Ha(g) + 2H20(1) = Be(OH)2(s) +2NH,NO;(s), 
NH,NO,(s) + H.{g) = NH,NO2(s) + H20( ] ), 

NH,NO,(s) = N.(g)+2H:20(1), 

Be(NOs)o(s)+2H2(g) = Be(OH)2(s) + NO.(g)+ NO(g)+H20(1), 
NO2(g)+ Hog) = NO(g)+ H20(1). 


(3) Mercuric Nitrate. The investigation of the reduction of mer- 
curic nitrate was repeated to supplement the previous study. 


Exp. 1. The quantity of mercuric nitrate, Hg(NO;).'/,H.O, employed = 8.00 gr. 
Time of silent electric discharge = 6 hours. 





(4) S. Miyamoto, J. Chem. Soc. Japan, 54 (1933), 209. 
(5) Ibid., 54 (1933), 210. (6) Ibid.,54 (1933), 211. 
(7) Ibid., 54 (1933), 89. (8) Ibid.,54 (1933), 91. 

(9) Ibid., 54 (1933), 92. (10) Ibid., 53 (1932), 942. 
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A gas absorption apparatus similar to that employed in the case of 
lithium nitrate was connected to the discharge tube. 

Virtually no change was observed in the appearance of the powder 
in the discharge tube. 

The solid reaction product was first examined and it was proved 
that it contained no explosive compounds. The solid reaction product 
was then shaken with water and filtered. An insoluble yellow powder 
remained, which is undoubtedly mercuric oxide. The filtrate had the 
following properties. 


(a) The solution was acidic. 

(b) A sufficient quantity of sodium hydroxide solution was added to the solu- 
tion and the precipitated mercury oxide filtered. The filtrate contained 
nv hydroxylamine. 

(c) The solution contained nitrite. The quantity of nitrite produced was 
determined in the previous study.( 

Exactly as in the case of beryllium nitrate, it was proved that the solution 
contained a considerable quantity of ammonium salt. 

(e) It was proved that the solution contained mercurous salt. The quantity of 
mercurous salt produced was determined in the previous study.( 


Exactly as in the case of lithium nitrate it was proved that the 
gaseous reaction products contained neither ammonia nor nitric oxide, 
but nitrogen peroxide. 

The quantity of nitrogen peroxide produced was determined jn the 
previous experiment. 

Exp. 2. The solid reaction products were dissolved in dilute nitric 
acid solution and the quantity of ammonium salt was determined in the 
normal manner. 


Mercuric nitrate employed = 8.00 gr. 

Time of silent electric discharge = 6 hours. 

Volume of sulphuric acid solution of 0.1000 normal, equivalent to the quantity 
of ammonium salt produced = 12.13 ¢.c. 


From these experimental facts it would seem that the principal 
ehemical reactions in the discharge tube are expressed by the following 
equations. 


2Hg(NOs)o(s) +2H2(g) = Hge(NOs)o(s) +2NO2(g¢)+2H20(1), 
Hg(NOs)o(s)+2HAg) = Hg(NO2)o(s)+2H20(1), 
Hg(NOs)2(s)+8He(g) = HgO(s)+2NH:(g) +5H20(1), 
Hg(NO:)(s)+6Hag) = HgO(s)+ 2NH:(g)+3H20(1), 
Hg2(NOs)o(s) + 8H(g) = Hg20(s)+2NH:;(g)+5H20(1), 
Hg(NOs)o(s) + 2N H;(g) + H2O(1) = HgO(s)+2NH,NO,(s), 
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Hg2(NOs)o(s) +2NH3(g) + H20(1) = Hg20(s)+2NH.NO,(s), 
Hg(NO:)o(s) +2NHs(g) + H20(1) = HgO(s)+2NH.NO.,(s), 
NH,NO.(s) = N2(g) +2H20( ] ). 


(4) Mercurous Nitrate. This investigation of the reduction of 
mercurous nitrate was carried out to supplement the previous study.“ 


Exp. 1. The quantity of mercurous nitrate, Hg.(NO;),2H.O, employed = 8.00 gr. 
Time of silent electric discharge = 5 hours. 


The white powder in the discharge tube became grey in colour. The 
solid reaction products were shaken with water. An insoluble white 
powder and small drops of metallic mercury remained. The quantity of 
metallic mercury was determined in the previous study. The solution 
had the following chemical properties. 


(a) The solution was acidic. 

(b) The solution contained ammonium salt. 

(c) The solution contained nitrite. The quantity of the produced nitrite was 
determined in the previous study. 

(d) Sodium hydroxide was added to the solution and the precipitated mercury 
oxide filtered. The absence of hydroxylamine in the filtrate was proved. 


By analyzing the alkaline solutions in absorption bottles (1) and 
(2) it was proved that nitrogen peroxide and a minute quantity of nitric 
oxide had been produced during the reaction. 

By analyzing the sulphuric acid solution in absorption bottle (3) 
it was proved that the gaseous reaction products contained no ammonia. 

Exp. 2. The production of ammonium salt was studied quantitative- 
ly. The solid reaction products were well shaken with dilute nitric acid 
solution, and the drops of metallic mercury were separated by decanta- 
tion. The quantity of ammonium salt contained in the solution was 
determined in the normal manner. 


Mercurous nitrate employed = 8.00 gr. 

Time of silent electric discharge = 5 hours. 

Volume of sulphuric acid solution of 0.1000 normal, equivalent to the quantity 
of ammonium salt produced = 9.48 c.c. 


From these results the principal reactions in the discharge tube are 
considered to be those expressed by the following equations. 


HgANOs)(s) + 2Ho(g) = Hg2(NO2)o(s)+2H20(1), 
Hg2(NOz)e(s) = Hg(NOz)(s)+He(1), 


(11) S. Miyamoto, J. Chem. Soc. Japan, 53 (1932), 943. 
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Hg2(NOs)o(s) +8H2(g) = Hg20+2NH3(g)+5H20(1), 
Hg2(NO2)o(s)+6HAg) = Hg20(s)+2NH3(g)+3H20(1), 
Hg2(NO3z)o(s) + 2NH3(g) + H20(1) = Hg20(s)+2NH,NO,(s), 
Hge2(NOz)e(s) +2N H2(g) + H20( 1) = Hg2O(s) +2NH,NO./(s), 
NH,NO,(s) = N.(g)+2H20(1), 

Hg2(NOs;)o(s) + Hg) = Hg2O(s) +2NO0(g) + H20(1), 
Hg2O(s) = Hg(1)+HgO(s), 

HgO(s)+ Hg) = Hg(1)+H20°(1). 


(5) Lead Nitrate. Exp. 1. The quantity of lead nitrate, Pb(NO;), 
employed = 8.00 gr. Time of silent electric discharge = 5 hours. 


A gas absorption apparatus similar to that employed in the previous 
experiment was connected to the discharge tube. A part of the white 
powder in the discharge tube became black. It was first proved that the 
solid reaction product did not contain any explosive compound. The 
powder was then shaken with water and filtered. A small quantity of 
of white powder mixed with a minute quantity of black powder remain- 
ed. It is certain that the insoluble substance is a mixture of lead 
hydroxide and metallic lead. The filtrate had the following properties. 


(a) The solution coloured red litmus paper slightly blue. 

(b) Sodium carbonate solution was added to the solution and the precipitated 
lead carbonate filtered. The absence of hydroxylamine in the filtrate was 
proved. 

(c) The presence of nitrite in the solution was proved. 

(d) The solution contained ammonium salt. 


It was proved that the gaseous reaction products contained a small 
quantity of nitrogen peroxide and ammonia, but no nitric oxide. 
Exp. 2. The formation of nitrite was studied quantitatively. 


Lead nitrate employed = 8.00 gr. 

Time of silent electric discharge — 5 hours. 

Volume of potassium permanganate solution of 0.01000 normal, equivalent 
to the quantity of nitrite produced — 3.80 c.c. 


Exp. 3. The quantity of ammonium salt contained in the solid re- 
action product was determined. 


Lead nitrate employed = 8.00 gr. 

Time of silent electric discharge — 5 hours. 

Volume of sulphuric acid solution of 0.1000 normal, equivalent to the 
quantity of ammonium salt produced — 0.85 c.c. 


(12) S. Miyamoto, J. Chem. Soc. Japan, 53 (1932), 793. 
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From these experimental facts, it would seem that the principal 
reactions are expressed by the following equations. 


Pb(NO;)2(s) + 2H2(g) = Pb(NO:2)(s)+2H20(1), 

Pb(NO;)(s) +8H2(g) = Pb(OH)2(s) +2NH;:(g)+4H20(1), 
Pb(NOz2)(s) + 6H2(g) = Pb(OH)2(s)+2NHs(g) +2H20(1), 
Pb(NOs2)o(s) + 2NH:(g)+2H20(1) = Pb(OH)2(s)+2NH.NO,(s), 
Pb(NOz2)2(s) +2NH2(g) + 2H20( 1) = Pb(OH)e(s) +2NH,NO4(s), 
NH,NOAs) = N2(g)+2H20(1), 

Pb(NOsz)o(s) + He(g) = Pb(OH)2(s) +2NO2(g), 

Pb(OH)2(s) + Hog) = Pb(s)+2H20°(1). 


(6) Bismuth Nitrate. Exp. 1. The quantity of bismuth nitrate, 
Bi(NO;);5H.O, employed = 8.00 gr. Time of silent electric discharge = 5 hours. 


Soon after the electric current had been passed, a considerable 
quantity of brown coloured gas, undoubtedly nitrogen peroxide, evolved 
in the discharge tube. A part of the powder in the discharge tube be- 
came black. A minute quantity of metallic bismuth must have been 
produced. The solid reaction product was shaken with water. A small 
quantity of insoluble white substance remained: this is undoubtedly 


bismuth hydroxide. The insoluble matter was filtered. The filtrate had 
the following properties. 

(a) The solution was acidic. 

(b) The solution contained ammonium salt. 

(c) The presence of nitrite was proved. 

(d) It was proved that the solution contained no hydroxylamine. 


By analyzing the solutions in absorption bottles (1), (2) and (3), 
it was proved that the gaseous reaction products contained nitrogen 
peroxide and nitric oxide, but no ammonia gas. 

Exp. 2. The quantities of nitrite, nitrogen peroxide and nitric 
oxide produced were determined by the method employed in the case 
of beryllium nitrate. 

Bismuth nitrate employed = 8.00 gr. 

Time of silent electric discharge — 5 hours. 

Volume of potassium permanganate solution of 0.0100 normal, equivalent 

to the quantity of nitrite produced in the solid phase = 5.45c.c. 

Volume of potassium permanganate solution of 0.01000 normal, equivalent 

to the quantity of nitrite in absorption bottles (1), produced by absorb- 
ing nitrogen peroxide = 569.80 c.c. 

Volume of potassium permanganate solution of 0.01000 normal, equivalent 

to the quantity of nitrite in absorption bottles (2), produced by absorb- 


(13) S. Miyamoto, J. Chem. Soc. Japan, 53 (1932), 794. 
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ing nitrogen peroxide, the oxidation product of nitric oxide, a gaseous 
reaction product = 811.30 c.c. 


Exp. 3. The quantity of ammonium salt produced was determined. 


Bismuth nitrate employed = 8.00 gr. 
Time of silent electric discharge — 5 hours. 


Volume of sulphuric acid solution of 0.1000 normal, equivalent to the 
quantity of ammonium salt produced = 1.88 c.c. 


From these experimental facts, it would seem that the principal 
chemical reactions are expressed by the following equations. 


2Bi(NOs)s(s) +3H2{g) = 2Bi(OH)s(s)+6NO2(g), 

NO2(g)+ Hog) = NO(g)+H20(1), 

Bi(NOs)s(s) + 12H(g) = Bi(OH)s(s) +3NH3+6H20(1), 
Bi(NOs)s(s) +3N H3(g) +3H20(1) = Bi(OH)s(s) +3NH,NO,(s), 
Bi(NOs)3(s) + 3H2(g) = Bi(NOz)3+3H20(1), 

Bi(NOs2)3+9Ho2(g) = Bi(OH)s(s) +3NH:(g)+3H-20(1), 
Bi(NOz)s(s)+3H20(1)+3NH2(g) = Bi(OH)s(s) + 3NH,NO,(s), 
NH,NO4s) = N2{g)+2H.0(1), 

2Bi(OH)3(s) +3HAg) = 2Bi(s)+6H:20(1). 


As in the case of beryllium nitrate, the quantities of nitrogen per- 
oxide and nitric oxide contained in the gaseous reaction products were 
considerable. 


(7) Aluminium Nitrate. Exp. 1. The quantity of aluminium nitrate, 

Al(NO;);:9H.O, employed = 8.00 gr. Time of silent electric discharge — 5 hours. 

The powder in the discharge tube became moist owing to the for- 
mation of water by the reduction. Distilled water was poured into the 
discharge tube, well shaken, and filtered. A minute quantity of white 
powder remained. The powder was placed in a test tube, dilute hydro- 
chloric acid solution added and warmed. It dissolved, forming alumi- 
nium chloride solution. It is therefore certain that the white powder, 
insoluble in water, is aluminium oxide. The filtrate had the following 
properties. 


(a) The solution was acidic. This is due to the presence of unchanged 
aluminium nitrate. 


(b) It was proved that the solution contained nitrite. As aluminium 
nitrite is unknown, it would seem that the produced nitrite must be 
ammonium nitrite, formed by the reaction. 


(c) The solution contained ammonium salt. 
(d) The solution contained no hydroxylamine. 


By a method similar to that employed in the case of lithium nitrate 
it was proved that the gaseous reaction products contained neither nitric 
oxide nor ammonia gas, but nitrogen peroxide. 
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Exp. 2. A second experiment was carried out to determine the 
quantity of ammonium salt produced. 


Aluminium nitrate employed = 8.00 gr. 

Time of silent electric dischage = 5 hours. 

Volume of sulphuric acid solution of 0.1000 normal, equivalent to the 
quantity of ammonium salt produced = 10.34 c.c. 


Exp. 3. The quantity of nitrite, contained in the solid reaction 
products, was determined in the normal manner. 


Aluminium nitrate employed = 8.00 gr. 

Time of silent electric discharge — 4.5 hours. 

Volume of potassium permanganate solution of 0.01000 normal, equivalent 
to the quantity of nitrite produced = 1.15 c.c. 


From these experimentally obtained facts it follows that the prin- 
cipal reaction products are ammonium salt, aluminium hydroxide, nitrite 
and nitrogen peroxide, and it would seem that the chemical reactions 
are expressed by the following equations. 


Al(NOs3)s(s) + 12H2(g) = Al(OH)s(s)+3N H3(g) + 6H20(1), 
Al(NOs)s(s) + 3N H2(g) + 3H20(1) = Al(OH)3+3NH«NO,(s), 
NH,NO,(s)+ H2(g) = NH,NO2(s) + H20( | ), 

NH,NOA(s) = N2o(g)+2H20(1), 

2Al(NOs)3(s) +3HAg) = 2Al(OH);(s) +6NO.(g), 


(8) Ammonium Nitrate. Exp. 1. The quantity of ammonium nitrate, 
NH.NO;, employed = 8.00 gr. Time of silent electric discharge = 5 hours. 
Agy 
A gas absorption apparatus, similar to that employed in the pre- 
vious experiment was connected to the discharge tube. Virtually no 
change was observed in the appearance of the powder in the discharge 
tube. The solid reaction products were dissolved in water. The solu- 
tion had the following properties. 


(a) The solution was neutral. 
(b) The solution contained no hydroxylamine. 
(c) The solution contained a minute quantity of nitrite. 


It was proved that the gaseous reaction products contained ammonia 
and a minute quantity of nitrogen peroxide, but no nitric oxide. 

Exp. 2. The nitrite and the ammonia gas produced were determin- 
ed quantitatively. 
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Ammonium nitrite employed = 8.00 gr. 

Time of silent electric discharge — 5 hours. 

Volume of potassium permanganate solution of 0.01000 normal, equivalent 
to the quantity of nitrite produced — 0.10 c.c. 

Volume of sulphuric acid solution of 0.1000 normal, equivalent to the 
quantity of ammonia gas evolved = 0.29 c.c. 


From these experimental facts it would seem that the chemical reac- 
tions are those expressed by the following equations. 


NH,NO,(s) + HAg) = NH,NOd{s) + H20(1), 
NH,NO.(s)+4HAg) = 2NH:;(g)+3H20(1), 
NH,«NO,(s) + 3Ho(g) = 2NH3+2H20(1), 
2NH,NO,(s) + H.(g) = 2NHs(g)+2NO02(g) + 2H20(1), 
NH,NO.(s) = N2(g)+2H20(1). 


The writer wishes to express his appreciation of a grant from the 
Imperial Academy towards the expences of this research. 


Summary. 


The chemical reactions in the silent electric discharge were studied 
when hydrogen reacts on the following inorganic solid substances. 

(1) Lithium nitrate. Reaction products:—lithium hydroxide, nit- 
rite, ammonia and nitrogen peroxide. 

(2) Beryllium nitrate. Reaction products:—beryllium hydroxide. 
ammonium salt, nitrite, nitrogen peroxide and nitric oxide. 

(3) Mercuric nitrate. Reaction products:—mercury oxide, mer- 
curous salt, ammonium salt, nitrite and nitrogen peroxide. 

(4) Mercurous nitrate. Reaction products:—mercury oxide, metal- 
lic mercury, ammonium salt, nitrite, nitrogen peroxide and nitric oxide. 

(5) Lead nitrate. Reaction products:—lead hydroxide, ammonium 
salt, nitrite, (metallic lead), nitrogen peroxide and ammonia. 

(6) Bismuth nitrate. Reaction products:—bismuth hydroxide, am- 
monium salt, nitrite, (metallic bismuth), nitrogen peroxide and nitric 
oxide. 

(7) Aluminium nitrate. Reaction products :—aluminium oxide, am- 
monium salt, nitrite and nitrogen peroxide. 

(8) Ammonium nitrate. Reaction products :—nitrite, ammonia and 
nitrogen peroxide. 


Laboratory of Physical Chemistry, 
Hiroshima University, Hiroshima. 
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In connection with another work it became necessary to prepare 2-iodo- 
benzidine (VII). Starting from 2-nitrobenzidine which could easily be 
produced by Taéuber’s method the substance (VII) was obtained by the 
following series of processes : 


NH, NHAe NHAc NHAc NHAc NHAc 
| | | | | 
F ” sie Pa 
NH. \ /-N.Cl 
v 


aad | — 


" 


| 


| . : ; 
NH, NHAc NHAc NHAc NHAc NHAc NH; 
(1) (iI) (111) (IV) (V) (VI) (VII) 


As is to be expected, the difficulty encountered in this series of reactions 
arose from the ease with which the acetamido-groups were hydrolysed by 
the action of acids. On this account, the reduction of the nitro-compound 
(II) had to be carried out with a solution of stannous chloride and dry 
hydrogen chloride in glacial acetic acid. Similarly, in the production of 
the iodo-compound (VI) from the diazonium iodide (V), which was deposited 
in a stable crystalline form at ordinary temperature, the decomposition of 
(V) must not be effected in the usual way, that is, by heating in the 
presence of water. Fortunately, this difficulty could be got over by 
treating the solid diazonium iodide (V) with glacial acetic acid, when the 
decomposition took place even in the cold giving rise to the iodo-compound 
(VI) in an excellent yield. 

It has been found that 2-nitrobenzidine exists in two forms, one 
recorded by Tauber having m.p. 143°C. and the other described in this 
paper m.p. 117°C. The detailed account of this discovery will be given in 
the experimental part, but a fact which deserves mention was that, 
although the author at first could prepare the lower melting form only, as 


(1) Ber., 23 (1890), 796. 
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soon as the higher melting form had once been produced, it was then the 
turn of the labile form which could no longer be obtained, a phenomenon 
which recalls the similar case in Liebermann’s iso-cinnamic acid (m.p. 
58°C.) which, when more stable allo-cinnamic acid (m.p. 68°C.) had been 
obtained, could be produced no more in his laboratory. 


It was found that 2-aminobenzidine obtainable by the reduction of 
2-nitrobenzidine (I) also exhibits dimorphism, the melting point, 134°C. 
described by Tauber being that of the more stable form. As in the case 
of 2-nitrobenzidine, the less stable form having m.p. 50°C. was the first 
to be obtained, its conversion into the more stable form being easily 
accomplished. Unlike 2-nitrobenzidine, the labile form could be obtained 
even after the stable form had been produced. 















Experimental. 










2-Nitrobenzidine (I). The more stable form of this compound was 
obtained by the action of ammonia on the 2-nitrobenzidine sulphate which 
was produced by treating a solution of the benzidine sulphate in concen- 
trated sulphuric acid with potassium nitrate.” Later Le Févre and 
Turner® found that in the nitration of benzidine the same result could 
be obtained by the use of the free base in place of the sulphate. The less 
stable form, the production of which was not observed by these workers, 
was found to be deposited when, for instance, a solution of the 2-nitro- 
benzidine sulphate (3.0 gr.) in boiling water (600 c.c.) was treated with a 
20 per cent. ammonium hydroxide solution (7¢.c.). Some time after the 
addition of ammonia, the free base separated as an oil which, on being 
scratched, formed deep red, long needles which to the author’s surprise 
melted, not at 143°C. as described by Tauber, but sharply at 117°C. As 
a matter of course, many attempts to prepare the higher melting form were 
made, which however let to no purpose for about a fortnight. Meanwhile, 
it was discovered that a slight but perceptible discoloration occurred in 
some of the crystals which had been put in a desiccator for some days. On 
examination, these crystals were found to melt at 143°C., showing that the 
conversion of the lower melting form into the higher had taken place. As 
to the remarkable phenomenon that the labile form was incapable of 
existence after the production of the stable form, it has already been stated 
in the introduction. Although both forms resembled chromic acid both in 
colour and in the crystalline form, there were still distinguishable difference 






























(2) Ber., 23 (1890), 141, 2510. 
(3) J. Chem. Soc., 1926, 1762. 





152 S. Sako. [Vol. 9, 


between their appearances, the needles of the labile form being longer and 
having deeper colour than those of the more stable form. Both forms gave 
the same diacetyl compound. 


2-Aminobenzidine. This compound was obtained by Tauber” by the 
reduction of 2-nitrobenzidine (I) with tin and hydrochloric acid. The 
author employed stannous chloride in place of tin. After the removal of 
tin from the reaction mixture by the use of hydrogen sulphide, the 
filtrate was greatly concentrated, when the trihydrochloride separated in 
transparent crystals. It was purified by treating with animal charcoal and 
the salt precipitated by the addition of concentrated hydrochloric acid to 
the concentrated filtrate. 

As stated in the introduction, 2-aminobenzidine exists in two forms, 
one having m.p. 134°C. and the other 50°C. The former was obtained 
by Tauber.” The latter was produced as follows: when cone. ammonia 
(25 c.c.; D = 0.89) was added to a solution of the trihydrochloride (1.0 gr.) 
in water (15c.c.) no precipitation occurred, but upon filtering the solution 
long needles separated after a short time, which melted at 50°C. A more 
concentrated solution of the salt than that employed above, on treatment 
with ammonia immediatly deposited the base as an oil which crystallized 


only after being left for along time. At first, attempts to obtain the more 
stable form was not successful, the labile form remaining unchanged even 
on being heated above its melting point. But this change could be effected 
afterwards by the same treatment. 


2-Amino-NN’-diacetylbenzidine (III). 2-Nitrodiacetyl] benzidine (II), 
from which 2-aminodiacety] benzidine (III) was obtained, was prepared by a 
modification of the method of Le Févre and Turner®: a solution of 2-nitro- 
benzidine (30 gr.) in glacial acetic acid (90c.c.) was treated with acetic 
anhydride (30 c.c.). A short time later, the diacetyl] compound commenced 
to separate. After heating the mixture on the water bath for an hour it 
was allowed to cool and the product collected and washed with acetic acid. 
The yield was 41.0 gr. (quantitative). Treatments such as described by Le 
Févre and Turner, that is, the addition of water to the reaction mixture 
before the filtration of the product and also the extraction of the product 
with methylated spirit are not necessary. 2-Nitrodiacetylbenzidine thus 
obtained melted, with darking and previous sintering, at 317°C. 

Attempted reduction of 2-nitrodiacetyl benzidine for the preparation of 
the 2-aminodiacetyl benzidine with iron and acetic acid or with aluminium 
amalgam and aqueous alcohol failed. The reduction was, however, success- 
fully accomplished as follows: 2-nitro-NN’-diacetylbenzidine (50.0 gr.) was 
added with constant shaking to a cold solution which was prepared by 
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saturating dry hydrogen chloride in a mixture of stannous chloride (130.0 gr.) 
and glacial acetic acid (600c.c.). The nitro-compound gradually disappeared 
with a rise of temperature up to 50-60°C. The reduction product began to 
separate after half an hour or so from the start, when there still remained 
some original substance unattacked. It was necessary for the complete 
disappearance of the nitro-compound to shake the mixture for two hours 
during which hydrogen chloride was led in all the time. After that, the 
mixture was heated in a water bath at 40°C. for an hour and left over 
night. The double chloride thus separated was dried over soda lime under 
diminished pressure. The yield was 97.5 gr. 


The powdered double salt (15.0 gr.) obtained above was added in small 
portions to 2000 c.c. of cold water with efficient agitation which was con- 
tinued until the substance had completely dissolved (In mixing these two 
substances the above order should not be reversed, as, if water is added to 
the double chloride, it is apt to cake together, making its dissolution more 
difficult. Further, the dissolution must not be effected by heating, as this 
may cause the hydrolysis of the acetamido-groups). The disappearance of 
the original substance was followed by the separation of a white precipitate, 
probably a basic salt of tin, which increased in amount when hydrogen 
sulphide was passed into the mixture. All of tin present was thus precipi- 
tated mostly as the white precipitate and partly as the yellow sulphide. 
The clear filtrate separated from the precipitates, on treatment with a 
solution of crystalline sodium acetate (25.0 gr.), quickly deposited 2-amino- 
diacetyl benzidine (III) as white powder which was filtered after a time. 
The yield was over 80% of the theoretical, calculated on the 2-nitrodiacety] 
benzidine employed. The 2-aminodiacetyl benzidine thus obtained was 
pure enough for further experiment as indicated by its melting point (260- 
262°C.). For purification, 0.24 gr. of the substance was dissolved in about 
600 c.c. of boiling water and the solution concentrated until its bulk reached 
200¢.c. Once oling, light, lustrous crystals (0.23 gr.) melting at 261—262°C. 
was obtained (Found: N = 15.1%. CysHi7O2Ne requires N = 14.8%). 


2-lodo-NN’ -diacetylbenzidine (VI). An ice cold, 15 per cent. hydro- 
chlorie acid solution (90 c.c.) was well mixed with powdered 2-aminodiacety] 
benzidine (15.0 gr.). The pasty mass thus obtained after the addition of 
cold water (40 c.c.), was treated, with cooling by ice, with powdered sodium 
nitrite (8.8 gr.) in small portions at a time with mechanical agitation. After 
half an hour, a solution of potassium iodide (10.5 gr.) was added to the 
reaction mixture, when the diazonium iodide (V) separated as a brownish- 
red precipitate which did not decompose unless heated at a fairly high tem- 
perature. As however it was found that the heating of diazonium iodide 
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suspended in the reaction mixture caused at the same time the hydrolysis of 
the acetamido-groups, it was filtered off after 30 minutes from the addition 
of potassium iodide, pressed and without washing with water (for it is more 
or less soluble in fresh water.), added to cold glacial acetic acid (200 ¢.c.). 
The decomposition set in at once with copious evolution of gas, 2-iododiacety] 
bezidine separating as a yellow precipitate which was collected and washed 
with acetic acid. The dried crude product, 16.1 gr., was redissolved in 
boiling acetic acid (1000 c.c.) and treated with animal charcoal. The clear 
filtrate was concentrated until the liquid had one-third the original bulk, 
when the crystals began to appear. Yellow short needles thus obtained 
(13.4 gr.) had m.p. 810-311°C. (Found: N = 7.4%. CuieHisO2Nel requires 
N = 7.1%). 


Dihydrochloride of 2-Ilodobenzidine. A suspension of 2-iododiacety] 
benzidine (10.0 gr.) in cone. HCl (25c.c.) and ethyl alcohol (100c¢.c.) was 
heated under reflux on the water bath for two hours with occasional 
shaking. The disappearance of the original substance for which one hour’s 
heating was necessary was followed by the gradual separation of the dihydro- 
chloride of 2-iodobenzidine in small needles. After requisite time, it was 
cooled and the reddish yellow crystals collected and washed with ethyl 
alcohol. The yield was 9.3 gr. (Found: HCl = 18.7; N=7.3%. CisHuNol- 
2HCI requires HC] = 19.0; N = 7.3%). 


Sulphate of 2-Iodobenzidine. 2-Iododiacetyl] benzidine (3.1 gr.) sus- 
pended in ethyl alcohol (30 c.c.), conc. H2SO, (3 c.c.), and water (9 ¢.c.) was 
heated at 100°C. for 5 hours. Most of the original substance disappeared in 
two hours. A small trace of the insoluble matter was removed by means of 
hot filter. The filtrate, on being left over night, gave 2.7 gr. of the crystal- 
line sulphate of 2-iodobenzidine (Found : H2SO,4 = 23.69. Ci2HuNel-H2SO. 
requires H2SO, = 24.0%). 
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